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MR imaging in epilepsy that is refractory

to medical therapy

Abstract The aim of this study was
the assessment of detection rate on
MRI and description of MRI find-
ings in patients with medically in-
tractable epilepsy. Seventy-three
patients with medically intractable
epilepsy between the ages of 0 and
68 years old were evaluated by MRI,
on three planes with spin-echo T1,
fast spin-echo T2, and fluid-attenu-
ated inversion recovery sequences,
and, if necessary, with contrast-en-
hanced SE T1 sequences. Cerebral
infarct regions with atrophy and gli-
osis in 8 patients, cerebral tumors in
5 patients, hippocampal sclerosis in
16 patients, radial microbrain in

1 patient, cortical dysplasia in 3 pa-
tients, pachygyria in 2 patients, sub-
cortical heterotopia in 2 patients,

schizencephaly in 3 patients, cere-
bral hemiatrophy in 2 patients, tu-
berous sclerosis in 1 patient, herpes
encephalitis in 2 patients, Rasmus-
sen’s encephalitis in 1 patient, vas-
cular malformations in 5 patients,
and no abnormality in 22 patients
were detected. Magnetic resonance
imaging has a high success rate in
detecting structural brain abnor-
malities, of both temporal and ex-
tratemporal locations, associated
with medically intractable epilepsy
syndromes. So MRI plays a primary
role in planning of the treatment,
primarily surgical therapy, by de-
tecting structural epileptogenic le-
sions.
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Introduction

Epilepsy is a common neurological disorder, affecting
0.5-1% of the population of the United States [1]. Fif-
teen to 30% of these patients have disease that is re-
fractory to medical therapy, and surgery is the most ef-
fective method for controlling seizures in this subset of
patients [2, 3, 4]. Magnetic resonance imaging plays an
important role in locating and defining anatomic epi-
leptogenic foci in the patients with intractable epilepsy.
The MRI findings may also indicate the type of treat-
ment or, if the patient is a candidate for surgery/inter-
vention, the type of surgery/intervention. Magnetic res-
onance imaging is used to identify the surgical ap-
proach, the volume of tissue targeted for resection pre-
operatively, and the relationship between the epilepto-
genic focus and adjacent functionally important brain

areas; thus, MRI may help determine the prognosis of
postoperative seizure control for patients [4, 5, 6, 7, 8].

Structural brain abnormalities associated with epi-
lepsy can be detected with a high degree of sensitivity
and specificity using MRI. In 1996 Bronen et al. [9]
published an article related to a study of 117 epileptic
patients, achieving a sensitivity of 95 % and a specificity
of 87 % using MRI [10, 11].

Although in the past clinical and electroencephalo-
graphic (EEG) findings was used to classify epileptic
seizures, MRI has highlighted the utility of using the
anatomic substrates that produce the observed electro-
clinical abnormalities as a basis for classification; hence,
MRI can provide critical data to classify and define the
epilepsy [12, 13].

In this study we performed MRI imaging of 73 pa-
tients with medically intractable epilepsy, described the
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Table 1 Magnetic resonance pathologies detected in 73 patients. DNET dysembryoplastic neuroepithelial tumor; AVM Arteriovenous

malformation; FLAIR fluid-attenuated inversion recovery

MR pathology No. and (%)
of patients

Imaging characteristics

Focal atrophy, infarct, and surrounding gliosis

Uni- or bilateral hemorrhagic infarct areas, especially dominant in medial
Frontotemporal location, corticosubcortically located gliosis and atrophy,

Cerebral mass lesions, generally cortical, small in size, well demarcated,
mostly in frontotemporal lobes

Hippocampal cortical hyperintensity in T2-weighted/FLAIR sequences with

Radial microbrain: simplified gyral pattern and undermyelination; cortical
dysplasia: small abnormal gyri; pachygyria: broad malformed gyri; subcortical
heterotopia: dysplastic gray matter band between cortical mantle and ventric-
ular surface; schizencephaly: cleft between cortical mantle and ventricular
surface; cerebral hemiatrophy: hemispheric atrophy with calvarial and para-
nasal sinus hypertrophy; tuberous sclerosis: cortical tubers, subependymal

AVM: dilated arteries and veins with a nidus; cavernoma: hemorrhages in
various stages and gliotic capsule (popcorn appearance); venous angioma: di-
lated veins draining into a large central vein (caput medusa appearance)

Cerebral infarct 8 (10.9)
Herpes encephalitis 2(2.7)
temporal lobes
Rasmussen encephalitis 1(1.4)
progressive in time
Intracranial mass lesions 5(6.8)
DNET 1(1.4)
Glial tumor 1(1.4)
Ganglioglioma 1(1.4)
Metastasis 2(2.7)
Hippocampal sclerosis 16 (21.9)
or without atrophy
Developmental anomalies 14 (19.2)
Radial microbrain 1(1.4)
Cortical dysplasia 3(4.1)
Pachygyria 2(2.7)
Subcortical heterotopia 2(2.7)
Schizencephaly 3(4.1)
Cerebral hemiatrophy 2(2.7) hamartomas
Tuberous sclerosis 1(1.4)
Vascular malformations 5(6.8)
AVM 2(2.7)
Venous angioma 1(1.4)
Cavernoma 2(2.7)
Normal 22 (30.1)
Total 73 (100)

MRI findings, and assessed the detection rate of the
structural abnormalities among this group of patients on
MRI.

Materials and methods

Seventy-three epileptic patients who were refractory to medical
treatment were evaluated with cranial MRI within the past year.
The patients were referred to our MRI unit from neurology clinics
with at least one of the following criteria: intractable epileptic sei-
zures with adequate trials of drugs within 2 years; or high frequen-
cy of epileptic seizures enough to impair the quality of life. Their
ages ranged between 0 and 68 years old (mean age 15 years).
Thirty-two of the patients were male, and 41 of them were female.

All of the patients were evaluated by 1.5-T MRI scanners with
a standard head coil, 62 of them by 1.5-T Picker Eclipse (Picker
International, Cincinnati, Ohio) and the rest of them by 1.5-T Sie-
mens Magnetom Vision (Siemens, Erlangen, Germany). The pa-
rameters used for the patients were as follows: spin-echo (SE) T1
(TR=439ms, TE=125ms, flip angle=90°), fast spin-echo
(FSE) proton-density (PD) T2 (TR =3049 ms, TE =32, 112 ms,
FA=90°) sequences on the axial plane, FSE T2 (TR = 5289 ms,
TE =90 ms, flip angle = 90), fluid-attenuated inversion recovery
(FLAIR; TR =6000ms, TE =100ms, TI=1800ms, flip an-
gle = 90 ) sequences in the coronal plane, and SE T1 (TR = 329 ms,

TE = 12.5 ms, flip angle =90 ) sequence in the sagittal plane for
Picker Eclipse, and the same sequences and planes with slightly
changing TR/TE times for Magnetom Vision scanner. Slice thick-
ness and interval values were 5 mm/1 mm. But additionally 3 mm
of slice thickness with 0.5-mme-interval parameters were used for
medial temporal lobe in the coronal plane. Spoiled 3D gradient-
echo sequence with TR=172ms, TE =6.6 ms, and flip an-
gle =20 with a coronal section at 1-mm partition thickness was
additionally used for some patients with developmental anomalies
(cortical dysplasia, heterotopia, schizencephaly cases). Spin-echo
T1 sequences in three planes with intravenous gadolinium admin-
istration were obtained in the patients with herpes encephalitis,
Rasmussen’s encephalitis, tumoral mass lesions, tuberous sclerosis,
and vascular malformations.

The assessment of MRI studies was performed by two experi-
enced neuroradiologists in our radiology department.

Results

The pathologies in 73 patients determined by MR im-
aging are listed in Table 1. Cerebral infarct regions
were detected in 8 of 73 patients (10.9 % ). Four of the
patients had a history of head trauma (age range
4-56 years), two had a history of perinatal asphyxia
(age range 7-9 years), and two had a cerebrovascular
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with epileptic seizures resistant to medical therapy shows bilateral
occipitoparietal encephalomalacia, involving cortical gray matter
and subcortical white matter

attack (age range 47-59 years). Encephalomalacic ar-
eas were detected in the parietal-occipital lobes in
3 patients, in the frontal lobes in 4 patients, and in
multiple sites in 1 patient. Magnetic resonance imaging
of this subtype of patients revealed hypointense areas
on T1-weighted and hyperintense areas on T2-weight-
ed sequences, representing encephalomalacic areas as-
sociated with neighboring sulcal and ventricular en-
largement (Fig. 1).

Herpes encephalitis in 2 patients (2.7 %; Fig. 2) and
Rasmussen’s encephalitis in 1 patient (1.4%; Fig.3)
were the underlying pathologies which caused epileptic
seizures. One of the patients with herpes encephalitis
had a unilateral disease, whereas the other patient had a
bilateral disease. The temporal, frontal, and insular ar-
eas were the involved regions. Rasmussen’s encephalitis
was the diagnosis in a patient with progressive fronto-
temporal atrophy on consecutive MRI scans and with

Fig.2 a T1-weighted axial, and
b T2-weighted coronal MR im-
ages of a 42-year-old male pa-
tient with intractable epileptic
seizures and altered conscious-
ness show involvement of the
right temporal lobe with herpes
simplex encephalitis. T1-
weighted image reveals hypo-
intense (associated gyral hyper-
intensity refers to the hemor-
rhagic nature of the disease)
and T2-weighted image reveals
hyperintense signal changes of
the cortical gray matter and
subcortical white matter

the clinical findings of progressive left-sided hemiplegia,
epilepsia partialis continua.

Cerebral tumoral mass lesions were detected in
S patients (6.8%). One of the lesions was a well-cir-
cumscribed frontal lobe tumor located at corticosub-
cortical area without contrast enhancement, and causing
somewhat remodeling of inner tabula of the frontal
lobe, the biopsy result was dysembryoplastic neuroepi-
thelial tumor (DNET; 1.4%). Two patients had well-
circumscribed mass lesions of frontal and medial tem-
poral lobes, the frontal mass had a mild contrast en-
hancement and the medial temporal mass enhanced
peripherally following contrast administration. They
underwent surgical resection and had the diagnosis of
glial tumor (one was grade-II astrocytoma of frontal
lobe, and the other was ganglioglioma of medial tem-
poral lobe; 2.7 % Fig. 4). Two other patients had a clin-
ical history of malignancy (lung carcinoma and breast
carcinoma), and multiple mass lesions were detected on
MRI scans leading to the diagnosis of metastases
2.7%).

Mesial temporal sclerosis (MTS) or hippocampal
sclerosis was detected in MRI scans of 16 patients
(21.9%). Mesial temporal sclerosis was the most com-
mon abnormality among the MRI-proven pathological
patients (31.4%). The patients were assessed for the
presence of the high signal intensity in the hippocampus
on FSE T2 and FLAIR sequences, reduced hippocam-
pal size, ipsilateral atrophy of the hippocampal collat-
eral white matter, enlarged temporal horn, and reduced
gray-white matter demarcation in the temporal lobe by
visual inspection. Fourteen patients had unilateral MTS
and 2 patients had bilateral MTS according to the above
criteria. Reduced hippocampal size with ipsilateral at-
rophy of the hippocampal collateral white matter and
enlarged temporal horn were detected in 14 of 16 pa-
tients (87.5 %), whereas 2 patients were normal accord-
ing to these parameters (12.5% ). High signal intensity
of the hippocampal gyrus on FLAIR sequence was the
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Fig.3 a T1-weighted sagittal,
and b T2-weighted axial MR
images of a 12-year-old male
patient with intractable epilep-
tic seizures due to Rasmussen’s
encephalitis show involvement
of the cortical gray matter and
subcortical white matter of the
right frontal and temporal
lobes, dilatation of the neigh-
boring cerebrospinal fluid
spaces at the subarachnoid and
lateral ventricular compart-
ments secondary to the loss of
parenchyma, and the atrophy of
ipsilateral basal ganglia, thala-
mus, and internal capsule

Fig.4 a T2-weighted axial, and
b post-gadolinium T1-weighted
coronal MR images of a 14-
year-old male patient with in-
tractable partial-complex epi-
leptic seizures reveal a well-cir-
cumscribed left medial tempo-
ral mass lesion, hyperintense on
T2-weighted images and with
peripheral contrast enhance-
ment. Histopathological exam-
ination of the lesion led to di-
agnosis of ganglioglioma
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Fig.5 T2-weighted coronal MR image of a 21-year-old male pa-
tient with intractable partial-complex epileptic seizures reveals
atrophic right hippocampal gyrus with increased cortical signal in-
tensity at that region, concordant with mesial temporal sclerosis

common finding in all of the patients with MRI-proven
MTS; however, FSE T2 sequence missed one of the pa-
tients with normal size of hippocampus (Fig. 5).

Fourteen patients were detected to have a neuronal
organization-migration anomaly on MRI scans
(192%), distributed as radial microbrain or microliss-
encephaly group 2 in 1 patient (1.4%; Fig. 6), agyria-
pachygyria in 2 patients (2.7 %; Fig. 7), subcortical het-
erotopia in 2 patients (2.7 %; Fig. 8), focal cortical dys-
plasia or polymicrogyria in 3 patients (4.1 %; Fig.9),
schizencephaly in 3 patients (4.1 %; Fig. 10), cerebral
hemiatrophy (Dyke-Davidoff-Masson syndrome) in
2 patients (2.7%; Fig. 11), and tuberous sclerosis in
1 patient (1.4 %).

The MRI diagnosis of microbrain (microlissenceph-
aly type 2) was put by seeing normal thickness of corti-
cal mantle with simplified gyral pattern and retarded
myelination. Two patients had agyria-pachygyria in
MRI studies; one was almost totally agyric, whereas the
other had frontoparietal preservation. The cortical
mantle was thick with decreased number of gyri and
depth of sulci in involved areas in both of the patients.
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Fig.6 a T1-weighted axial, and
b T2-weighted coronal MR im-
ages of a 1-month-old male pa-
tient with medically intractable
grand mal epilepsy show radial
microbrain

Fig.7 aT1l-weighted sagittal,
and b T2-weighted axial MR
images of a 9-year-old female
patient with grand mal epilepsy
show pachygria, involving al-
most whole brain

Two patients had linear bands of subcortical gray matter
heterotopia of frontal lobes causing ventricular com-
pression. The MRI pictures of three patients revealed
polymicrogyria, two of them in frontoparietal regions,
and one of them in bilateral perisylvian regions, char-
acterized by multiple small and dysplastic gyral forma-
tions associated with aberrant vein in the neighboring
subarachnoid space. Schizencephalic clefts lined by
dysplastic gray matter were detected extending from
subependymal layer to cortical layer in 3 patients; one
was of parietotemporal closed-lip type, and the other
two were of open-lip type in frontal and frontoparietal
areas. Magnetic resonance pictures of two cerebral
hemiatrophy patients showed hemiatrophy of left cere-
bral hemispheres and the patient with tuberous sclerosis
had multiple subependymal hamartomatous nodules
and cortical tubers in MRI studies.

Cerebrovascular malformations were detected in
5 patients (6.8%), 2 of which (2.7%) were arteriove-

nous malformations (AVM) supplied mainly from ante-
rior circulation, 1 of which (1.4%) was developmental
venous anomaly (DVA) of the parietotemporal area,
and 2 of which (2.7%) were cavernous angiomas, one
with frontal opercular location and one with frontal
precentral gyral location (Fig. 12).

Structural MRI pathologies were detected totally in
51 patients (69.9 %) in our series, whereas no MRI pa-
thology was detected for the rest of the cases (30.1%).

Discussion

Magnetic resonance imaging is the most important
neuroradiological diagnostic tool to evaluate the medi-
cally intractable epilepsy syndromes because it shows
precise anatomical details of the brain with a high reso-
lution. Recent advances in MRI have greatly enhanced
our ability to visualize parenchymal anatomy. With the
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Fig.8 T2-weighted coronal MR image of a 13-year-old female pa-
tient with secondarily generalized epilepsy shows left opercular
subcortical heterotopic gray matter band causing ventricular in-
dentation, and disruption of the overlying gyral pattern

linkage between intracranial pathology and epilepsy
now clearly established, the MRI data provide detailed
information for the clinician treating patients with epi-
lepsy. A systematic approach needs to be used to review
MRI scans in epilepsy patients to avoid the common
pitfalls engendered by the subtle nature of many epi-
leptogenic lesions. The hippocampus should always be
evaluated especially in FLAIR sequence regardless of
other MR findings to avoid missing dual abnormalities.
Since epilepsy is generally a cortical process, one must
search for subtle cortical abnormalities, including focal
cortical infarct areas, atrophic changes, encephalitic
diseases, and lesions without mass effect. Abnormal
appearances of the brain should be carefully evaluated
for the diagnosis of developmental abnormalities. Gray
matter areas located between the cortical mantle and
ventricular surface, except deep gray matter nuclei, can

Fig.9 a T1-weighted axial, and
b T2-weighted axial MR images
of a 14-year-old male patient
show a wide area of polymicro-
gria at the right frontoparietal
region, associated with widened
neighboring cerebrospinal fluid
spaces and with neighboring
aberrant drainage vein

be indicative of gray matter heterotopia and schizen-
cephaly. Sulcal and cortical morphological abnormali-
ties, such as cortical thickening and small gyral forma-
tions due to lissencephalies, and cortical dysplasias, can
be particularly difficult to diagnose unless a high index
of suspicion is maintained. Cerebral hemiatrophy and
tuberous sclerosis are easy to diagnose due to their
characteristic appearances. Vascular malformations can
be detected without any difficulty on MRI; however,
developmental venous anomalies and the other occult
vascular malformations can be easily missed [4, 6, 14, 15,
16, 17, 18, 19]. Epileptogenic foci associated with medi-
cally intractable epilepsy syndromes can be assessed on
MRI with high detection rates. Structural abnormalities
were detected by MRI in 82.7% of the medically in-
tractable patients in a series of 178 patients of Zentner
et al. [19].

Cerebral infarct areas associated with intractable
epilepsy are primarily due to perinatal anoxia in the first
years of the life, whereas vascular degeneration is pri-
marily responsible in the late years of life. An area of
encephalomalacia with a sclerotic rim around was a
common MRI appearance in the cerebral infarct pa-
tients due to sclerosis, tissue loss, and astroglial prolif-
eration developing secondary to the cerebral infarct [14,
15, 20]. Marin-Padilla [21, 22, 23] studied the neuropa-
thology and developmental impact of perinatal brain
damage in children. According to Marin-Padilla [21, 22,
23] the undamaged cortex adjacent to the injured site
survives, retains its intrinsic vasculature, and is capable
continuing differentiation. The postinjury alterations
are not static, but ongoing processes that continue to
affect the structural and functional differentiation of the
still developing cortex and may eventually influence the
neurological and cognitive maturation of the affected
children. Marin-Padilla [21, 22, 23] proposes that the
progressive postinjury reorganization of the undamaged
cortex and its consequences (acquired cortical dyspla-
sia), rather than the original lesion, represent the main
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Fig.10 T2-weighted coronal MR image of a 24-year-old male pa-
tient with secondarily generalized intractable epilepsy shows left
parietotemporal closed-lip schizencephaly, extending until the left
atrium, and the cortical gray matter outlining the lip is dysplastic

underlying mechanism in the pathogenesis of ensuing
neurological sequelae such as epilepsy. According to
Bronen et al. [15] the precise mechanism of seizures in
patients who have sclerosis secondary to cerebral in-
farcts is unknown; however, seizures associated with ce-
rebral infarcts secondary to perinatal and neonatal vas-
cular insults presumably originate from gliotic tissue at
the periphery of infarct areas [14].

Herpes encephalitis is a fulminant necrotic type of
meningoencephalitis that usually presents with the ini-
tial involvement of temporal lobes. Typically parenchy-
mal tissue is necrotic and hemorrhagic in appearance as
in our case. Both increased T1 and T2 values on MRI
are characteristic in medial temporal lobe, insular cor-
tex, orbital surface of frontal lobe, and cingulate gyrus,
mostly unilaterally, but sometimes bilaterally. The in-

Fig.11 a T2-weighted axial,
and b T2-weighted coronal MR
images of 20-year-old female
patient show left cerebral
hemiatrophy associated with
thickened left calvarium and
hyperaeration of left-sided
paranasal sinuses. Ipsilateral
internal capsule, thalamus, and
cerebral peduncle are also
atrophic. Diagnosis is Dyke-
Davidoff-Masson syndrome

volved region becomes atrophic and gliosis develops in
time [14, 15, 24, 25, 26, 27].

Rasmussen’s encephalitis is a chronic localized en-
cephalitis that is characterized by progressive hemiple-
gia, psychomotor deterioration, and epilepsia parsialis
continua. Cortical gray matter and subcortical white
matter are involved as in the case of herpes encephalitis,
and it has an affinity for frontotemporal regions; in-
volved regions atrophy in time as in the case of our pa-
tient. Because certain microscopic changes in this con-
dition are similar to those identified in viral infections
(perivascular cuffing, glial nodules, microglial prolifer-
ation), for several years Rasmussen’s encephalitis was
thought to be a type of viral encephalitis [14, 15, 25, 28].

In neuro-oncological series patients often have neu-
rological deficits as the most important manifestations,
symptoms of recent onset and short duration, and sei-
zures are of secondary importance. Most histological
types of brain tumors that are common in epilepsy series
are rare in neuro-oncologic series [14, 15]. The most
frequent tumors associated with intractable epilepsy
are, in decreasing order in a study by Zentner et al. [19],
gangliogliomas, pilocytic astrocytomas, and DNETS,
and 98 % of the detected tumors are of low histopatho-
logical grade (World Health Organization grades I and
II) [19]. The glial tumors in neuro-oncologic series are
often high-grade lesions which are poorly demarcated
from surrounding normal brain tissue, are associated
with a peritumoral edema consistently noted, have cen-
tral necrosis, and are large in size; however, tumors as-
sociated with intractable epilepsy are usually small, are
well circumscribed, have minimal associated peritu-
moral edema, commonly cause remodeling of the inner
table of the calvaria when in a cortical site, variably
show enhancement, are located in the cortex rather than
white matter, typically have no central necrosis, and are
located supratentorially with a predilection for fronto-
temporal regions. The biological behavior of these tu-




556

nES vEaia

Fig.12 T2-weighted axial MR image of a 43-year-old male patient
shows left frontal opercular cavernoma

mors is strikingly indolent, as indicated by a long history
of chronic seizures. They typically arise in young hosts
[4, 7, 26, 29, 30]. A multicystic appearance on MRI
studies is a characteristic feature of DNET and corre-
sponds to its myxoid matrix and multinodular architec-
ture. This feature is rare in gangliogliomas and glioneu-
ronal malformations, and may help differentiate
DNETs from these disorders [31]. Elster and Mirza
evaluated 150 patients with partial epilepsy syndromes
on MRI, and 69 of them were found to have associated
structural abnormalities (46%); 19 patients of these
69 patients had MRI-proven tumoral mass lesions
(12.7%) [32]. Another study performed by Kuzniecky
et al. included 44 pediatric-age patients with partial ep-
ilepsy and MRI revealed histopathologically proven tu-
moral mass lesions as the underlying cause in 10 of the
patients (22.7 %) [33]. It is obvious that tumoral mass
lesions represent an important part of the epileptogenic
lesions in all age groups. The rate was 6.8 % for our se-
ries, which seems to be a much lower rate compared
with the previous series). The sensitivity of MRI for tu-
moral mass lesions is very high, and signal abnormalities
on MRI were detected in 98.7 % of patients with surgi-
cally proven tumors in a series of Zentner et al. [19].
Mesial temporal sclerosis is the most frequent cause
of medically intractable epilepsy syndromes. In MTS,
cell loss and astrogliosis occur in the mesial temporal
cortex, hippocampal formation, parahippocampal gy-
rus, amygdala, and entorhinal cortex. As noted in au-
topsy studies, bilateral involvement is common and re-
ported to be approximately 80% [9, 15, 34, 35]. The
MRI counterparts of cell loss and astrogliosis are atro-
phy and signal change. Reports have best described
these changes in the hippocampal formation. Hippoc-
ampal atrophy is best detected on coronal T1-weighted
inversion recovery sequences, and the atrophy in MRI

scans corresponds to cell loss. The MRI signal intensity
increase on FSE T2 and FLAIR sequences are consis-
tent with increased tissue water content [15, 17, 35, 36].
Loss of normal internal architecture in the involved
hippocampus and unilateral atrophy of the mamillary
body, the columns of fornix, the amygdala, and the
white matter bundle in the parahippocampal gyrus are
the histopathological findings detected in MTS. The re-
liable MRI findings of MTS can be listed as reduced
hippocampal size with increased signal intensity on
FLAIR or FSE T2 images, the atrophy of the hippoc-
ampal collateral white matter, enlarged temporal horn,
reduced gray-white matter demarcation in the temporal
lobe, and decreased temporal lobe size. But the in-
creased hippocampal signal intensity is the most consis-
tent finding as a study of Meiners et al. [4] implies with
the histopathological correlation of MTS [37, 38, 39];
however, some patients may have a normal-sized hip-
pocampus with an increased signal intensity on FLAIR
or FSE T2 images, and some others may have hippoc-
ampal atrophy without an obvious signal change. Uni-
lateral dilatation of the temporal horn by itself is not a
reliable finding because it occurs as a common normal
variant as well [4, 14, 15,19, 30, 36, 37, 38, 39]. Visual
inspection and volumetric analysis of MR images allow
MTS to be reliably identified in patients with temporal
lobe epilepsy [35, 39, 40]. There is evidence to suggest
that widespread temporal lobe pathology, leading to at-
rophy, may be associated with MTS, and such abnormal
tissue may play an important role in epileptogenesis.
The degree of atrophy in the extrahippocampal struc-
tures correlated with the degree of hippocampal atro-
phy, suggesting that a common process may be respon-
sible [35, 40]. Signal abnormalities on MRI were de-
tected in 69.2 % of patients with surgically proven MTS
in a series of Zentner et al. [19]. In a study of 30 patients
with medically intractable temporal lobe epilepsy, per-
formed by Meiners et al., coronal FLAIR images pro-
vide a similar or increased yield in the detection of MTS
compared with T2-weighted FSE images [38, 39].

The brain is small with simplified gyral pattern and
undermyelination in radial microbrain which is also
classified as a subtype of lissencephaly, microlissen-
cephaly type II. Agyria—pachygria or lissencephaly is
characterized by the presence of broad malformed gyri.
Subcortical heterotopia develops secondary to the ar-
rest of radial migration of neurons at abnormal loca-
tions during intrauterine life. Polymicrogyria or focal
cortical dysplasia refers to a circumscribed area of the
brain with a four-layered cortex and with numerous
small abnormal gyri, the lesions range from small areas,
often difficult to identify, to extensive structural abnor-
mality. Cortical malformations due to disorganization,
occurring later in intrauterine life, are represented by
polymicrogyria. These lesions are often bilateral and
perisylvian, but at times they are unilateral and in some
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patients may be occipital or frontal. Schizencephaly or
agenetic porencephaly is characterized by a cleft ex-
tending from ependymal layer of the lateral ventricle to
the cortex; the cleft is lined with a dysplastic cortical
gray matter mantel. Schizencephaly has open-lip and
closed-lip subtypes depending on the cleft type. Cere-
bral hemiatrophy, thickening of the calvarium, hyper-
trophy of paranasal sinuses and mastoid cellules on the
same side are the features observed in cerebral hemiat-
rophy or Dyke-Davidoff-Masson syndrome. Tuberous
sclerosis is characterized by the presence of the cortical
tubers, calcified subependymal hamartomas, and in
some cases the development of giant cell tumor at the
neighborhood of foramen of Monro. Many characteris-
tic clinical findings are associated with all the patholo-
gies described above, but the common point for them is
the presence of prolonged history of epileptic seizures.
Surgical intervention is not possible with many of these
pathologies, and has a low success rate if it is possible;
the treatment is mostly supportive and symptomatic [8,
12,14, 15,27, 41, 42, 43, 44].

Vascular malformations can be detected with a high
degree of sensitivity and specificity in MRI. Arteriove-
nous malformations consist of the dilated feeding arter-
ies and drainage veins, and the nidus that contains thick-
walled, large-diameter vessels prompting arteriovenous
shunting and decreasing arteriovenous circulation time.
Hemorrhage and seizures are the most common initial
manifestations in the patients with AVMs. Surgical and
endovascular radiological treatment of AVMs is predi-
cated to minimize the risk of hemorrhage, and the con-
trol of seizures is frequently a secondary consideration.
Cavernous hemangioma (cavernoma), capillary telang-
iectasia, and developmental venous anomaly are the

other vascular malformations (also called occult vascu-
lar malformations) which are easily diagnosed by MRI.
Cavernomas consist of large abnormal vascular spaces,
surrounded by a gliotic hemosiderin-laden rim. The
central nidus has a heterogeneous reticulated signal in-
tensity, giving the characteristic MRI appearance of
popcorn. Normal neurons are interspersed between the
abnormal vascular channels in capillary telangiectasia;
otherwise, MRI appearances of cavernomas and capil-
lary telangiectasias are similar to each other. The pri-
mary clinical manifestation of a symptomatic caverno-
ma is often a chronic epileptic seizure syndrome, when
surgically resected intractable seizures generally cease.
In DVAs, dilated drainage veins converge on a central
large draining vein, typically along an ependymal sur-
face. Because DVAs are rarely associated with epileptic
seizures, resection is rarely performed [4, 6, 14, 15, 19,
45].

Conclusion

In conclusion, epilepsy is a common neurological disor-
der affecting the population, a high percentage of which
have medically intractable epileptic seizures associated
with structural lesions of the brain. Magnetic resonance
imaging has a high success rate in detecting structural
brain abnormalities, of both temporal and extratempo-
ral locations, associated with medically intractable epi-
lepsy syndromes. Magnetic resonance imaging plays a
primary role in locating and defining anatomic epilep-
togenic foci in the patients with intractable epilepsy so
that the type of treatment and the post-interventional
prognosis can be predicted by using MRI findings.
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